
 

Watershed distribution equipment infrared thermal image segmentation 
method based on the morphological marker 

Zhicheng Zhou1, Xu Wei1, Tianxi Xie1, Zhong Tang2, Haoyang Cui2, a 

1 Jiangsu Electric Power Company Research Institute, Nanjing, Jiangsu 211103, China 
2 Shanghai University of Electric Power, Shanghai, 200090, China 

a email: cuihy@shiep.edu.cn 

Keywords: infrared thermal image segmentation; watershed algorithm; morphological marker 

Abstract. In the process of infrared thermal image segmentation of distribution equipment, 
efficiency of the segmentation is low; it is easy to appear the over-segmentation phenomenon and 
cannot better segment the anomaly region of infrared thermal. To solve this problem, starting from 
the basic principle of the watershed algorithm, an improved watershed algorithm based on 
morphological marker was proposed. Firstly, the algorithm operate morphological gradient for 
image to be segmented. Then it extracts the region minimum by using H-minima transform and use 
minima imposition technology to remark the gradient image. In the end, the marked gradient image 
was segmented by watershed algorithm. According to the experimental verification of MATLAB, 
this improved segmentation method has higher feasibility and can successfully extract anomaly 
region of the infrared thermal image. 

Introduction 
In recent years, with the increasing use of infrared thermal imager in the temperature monitoring 

of power equipment, a higher requirement is put forward for the infrared image processing 
technology. Infrared image segmentation is one of the effective methods of infrared image 
processing. However, it has the characteristics of low resolution, large noise, and relatively fuzzy. 
When using the traditional image segmentation method to segment them, the results are not good 
enough. The segmentation method based on the threshold and based on edge detection are common 
infrared image segmentation method [1-3]. Among them, the segmentation method based on the 
threshold cannot reflect the infrared image gray distribution in space, and can only get the range of 
pixel gray value change of infrared image. The segmentation method based on edge detection is 
according to the different characteristics of the two sides of the edge. It segments the image mainly 
through to detect image’s discontinuity of the local characteristics and connect the edge points into 
the boundary. Compared to other algorithms, watershed algorithm has faster running speed, more 
accurate positioning, and better sealing ability of target image contour and can sensitively response 
to changes in pixels. Nevertheless, it will inevitably arise over-segmentation problem. This paper 
proposes an improved watershed algorithm based on morphological marker. Starting from the basic 
principle of the watershed algorithm, firstly, the algorithm operate morphological gradient for 
image to be segmented. Then it extracts the region minimum by using H-minima transform and use 
minima imposition technology to remark the gradient image. In the end, the marked gradient image 
was segmented by watershed algorithm. According to the experimental verification, this improved 
segmentation method has higher feasibility and can successfully extract anomaly region of the 
infrared thermal image. 

Watershed segmentation method 
The watershed segmentation method [4] draw on the geography knowledge, in which the terrain 

height of geography is applied to the pixel gray value of the image. It uses simulation process of 
soaking to conduct watershed segmentation. 

The catchment basin is a key part of the watershed method; it can reflect the local minimum near 
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the area. In the simulation process of soaking, the water levels will rising in the basin, and then 
blocked by the watershed, to ensure different catchment basins of water will not affect each other. 
When the simulated water immersion process is finish, the formation of the final watershed because 
the segmented image includes the target area and the background area. The grayscale change of 
internal, background regions of the target area are relatively little, while the change of grayscale 
value of the edge of the target area, and the background area is large. Therefore, it can be said that 
the region whose grayscale value is relatively uniform of the gradient image is the local minimum 
value region, and the edge region is corresponding to the watershed. After the watershed connection, 
you can get the final segmentation image.  

The operation speed of watershed segmentation algorithm is fast. The segmented object has a 
complete boundary, and the weak edge of object can be detected. Due to image noise and other 
factors, the gradient image will have pseudo local minimum areas, leading to over segmentation. 
Through the research, people found a way to prevent over segmentation phenomenon. This method 
is to using the gradient amplitude to process the target image and then using some other knowledge 
to add a preprocessing stage; this knowledge was integrated into the whole process of image 
segmentation. The number of regions after image segmentation were strictly controlled to prevent 
over segmentation phenomenon .Among these knowledge, the best used and the most widely used 
is the method based on the theory of marker [5] [6]. After integrating the theory of marker, we hope 
to have a set of internal and external markers, and then use these markers to modify the gradient 
image obtained in order to obtain better segmentation effect. 

Institutions Optimization Design 
This paper adopted a kind of improved watershed algorithm based on morphological markers [7], 

the specific algorithm process is shown in Figure 1. 
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Fig.1. The flow chart of watershed segmentation method based on morphological marker 
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(1) morphological gradient 
Morphological gradient is a method to determine whether there is a contour edge by detecting 

the gradient of a certain point in the target image. 
In the morphological gradient structure element b is used for dilation and erosion of target image 

f（x,y）to get local maxima and local minimum value of f, so we use digital differential defined 
gradient to the corresponding, the morphological gradient image g(x,y)can be expressed as a 
formula (1): 

)y,x(b)y,x(f)y,x(b)y,x(f)y,x(g Θ−⊕=                                       (1) 
In the formula⊕ indicate the dilation of morphology, Θ indicate the erosion of morphology and 

)y,x(b indicate the elements of the disc shape. The morphological gradient and threshold method 
are generally used together in order to improve the quality of edge detection. 
(2) morphological reconstruction 

With regard to morphological gradient image, it is not possible to remove the noise very 
thoroughly, and the image still contains noise. Therefore, we need to use a new image processing 
technology: morphological reconstruction. Morphological reconstruction refers to morphological 
open reconstruction and morphological close reconstruction, the noise of the target image and the 
pixels point without structural elements will be eliminated by the open and close reconstruction 
together. 

Morphological open and close reconstruction operations are formed by the combination of 
morphological dilation and erosion. With regard to Morphological gradient image g(x,y) and 
reference image p(x,y) and structural element b, morphological dilation can be defined as eq. (2): 
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Among them, b is disc shape structure element, ∧ indicates that the minimum value is obtained 
point by point, and the morphological dilation is an iterative operation. When the number of 
iterations reaches the preset value or n

b
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morphological open reconstruction )rec(

bR  is defined as the formula (3): 
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bD indicate the result of the convergence of geodesic dilation. Morphological open and close 
reconstruction is mutually dual. Therefore, morphological erosion and close reconstruction can be 
defined as formula (4), (5): 
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Among them, ∨  indicates that the maximum value is obtained point by point, )rec(
bE  indicates 

the result of morphological erosion. Therefore, morphological reconstruction is defined as the 
formula (6): 

]p),p,g(R[Cg rec
b

)rec(
b

)rec(
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(3) Marker extraction 
The noise can be reduced, but the pseudo minimum point cannot be avoided after morphological 

reconstruction. This paper use the H-minima proposed by Soille. The approach of the H-minima is 
that comparing with the image threshold H which is given to eliminate the minimum point of less 
than H in the local area, so that the number of the over segmentation regions can be greatly reduced. 
Therefore, it is very important to determine the value of H. If the H value is too small, it cannot play 
a significant role because the removal of the minimum points is relatively small. If the value is too 
large, there will be the phenomenon of under segmentation because the majority of the existence of 
the minimum point will be removed [8]. 
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The selection of H value is usually determined by the prior knowledge, and there is no specific 
selection method. The average value of all the minima is used to correct the size of the value. The 
minimum value of I∇  is assumed to minI∇ ，hence 

)I(meanH min∇=                                                              (7) 
In the application of the extended minimum transform, Gaussian filter is adopted to obtain low 

frequency lowI∇ . The formula can be expressed as (8): 
)H,Imin(HI lowmark ∇=∇                                                       (8) 

Among them, minH  is the H-minima, and the binary mark image is markI∇ , which is the image 
after the extended minimum transform. 

After extracting the minimum value through imaminH −  transform, we can modificate of I∇  
with minimal value mandatory labeling operations to get I∇ . The formula is expressed as: 

)I,Imin(II markm ∇∇=∇                                                        (9) 
Finally, watershed segmentation was carried out to get infrared thermal image segmentation. 

Experimental results and analysis  
The following we analysis and compare the watershed segmentation algorithm with watershed 

segmentation algorithm based on morphological. Firstly, the traditional watershed segmentation is 
performed on the original infrared thermal image of the transformer bushing in the distribution. As 
shown in Figure 2(a), our segmentation target is thermal anomaly region. However, in Figure 2(b), 
there is a serious phenomenon of over segmentation. 

   
                   (a)                                     (b) 

Fig.2 the color map of the original image and the traditional watershed 
Then, the original infrared thermal image of the distribution transformer bushing is processed by 

the method of this paper. According to the segmentation step. As shown in Figure 3 (a), the 
maximum value of the adjusted area can be obtained in turn. As shown in Figure 3 (b), the 
morphological opening and closing of the reconstructed image. As shown in Figure 3 (c), the 
segmentation map with marking the boundary. As shown in Figure 3 (d), the segmentation map of 
color mark with the segmentation, which is presented in this paper. 

     
(a)                                (b) 

1169



 

     
                    (c)                                 (d) 

Fig.3.Watershed segmentation based on morphological marker 
Can be seen from Figure 3, the over segmentation phenomenon of infrared image of distribution 

transformer bushing significantly reduced by the use of watershed algorithm based on 
morphological marker .The areas number of conventional watershed segmentation is 24, but the 
number is 3 now. The contour of the target area in the image is more clearly, which can effectively 
reduce the number of the watershed transform. 

Conclusion 
This paper proposes an improved watershed algorithm based on morphological marker. Starting 

from the basic principle of the watershed algorithm, firstly, the algorithm operate morphological 
gradient for image to be segmented. Then it extracts the region minimum by using H-minima 
transform and use minima imposition technology to remark the gradient image. In the end, the 
marked gradient image was segmented by watershed algorithm. The over segmentation 
phenomenon of infrared image of distribution transformer bushing significantly reduced by the use 
of watershed algorithm based on morphological marker .The segmented regions from 24 reduced to 
3. It is proved that this method is feasible, and the thermal anomaly area of the image is extracted. 

Acknowledgement 
In this paper, the research was sponsored by the NSFC (Project No. 61107081), and Local 

colleges and universities capacity building Program of Shanghai (Project No. 15110500900, 
14110500900) 

References 

[1]CHEN Fang, YAO Jian-gang, LI Zuo-sheng, et al. The method to extract shed surface image of a 
single insulator from infrared image of a insulator string[J]. Power System Technology, 2010, 
34(5):220-224 

[2]Xiao Xiaohui，Du E，Chen Qinghao，et al．Infrared image edge detection of high-voltage 
transmission line[J]．Electric Power，2005，38(1)：31-33． 

[3] Liu Songlin, Niu Zhaodong, Chen Zengping. Minimum error thresholding for infrared image 
under constraint of cross entropy [J]. Infrared and Laser Engineering, 2014, 43(3): 979-984. 

[4]sun wei ,wang hong fei,shao xi jun. Infrared target segmentation method based on improved 
watershed algorithms[J]. Infrared and Laser Engineering, 2006, 35(S4):31-37. 

[5]Tong wu-qin,Ling yong-shun,Huang chaochao, et al．Processing method of IR image based on 
mathematical morphology and wavelet transform [J]. Optics and Precision Enginee ring, 2007, 
15(1): 138-144. 

1170



 

[6] Mao Hanping1, Li Mingxi, Zhang Yancheng. Image segmentation method based on 
multi-spectral image fusion and morphology reconstruction [J]. Transactions of the CSAE, 2008, 
24(6): 174-178. 

[7] SUN Wei , XIA Liang-Zheng. Infrared target segmentation algorithm based on morphological 
method [J]. J .Infrared Millim .Waves, 2004, 23(3):233-236. 

[8]YU Wang-sheng, HOU Zhi-qiang, WANG Chao-ying,et al. Watershed Algorithm Based on 
Modified Filter and Marker-Extraction[J]. ACTA ELECTRONICA SINICA, 2011, 39(4):825-830. 

1171




